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Primary
 single discharge
 non-rechargeable
 higher energy density
 typically smaller
 disposable
Manganese dioxide has many polymorphs. The two primary 
polymorphs used in the cathode are ramsdelite and pyrolusite. 
Energetically, the pyrolusite is more stable (~100 mV) and is 
electrochemically irreversible; while the electron transfer 
between ramsdelite and groutite is electrochemically reversible. 
Synthetic production of MnO2 can provide varied ratios of 
ramsdelite and pyrolusite which can slightly affect battery 
performance.
Since entering commercial production in the 1960’s, alkaline 
zinc/manganese dioxide batteries have become the dominate form 
of power for portable technology. Historically, this alkaline system is 
a single discharge, or primary battery, capable of maintaining 
performance with a long shelf-life (~3 years). It also is inexpensive to 
manufacture yet has a high energy-mass ratio. The use of mercury 
was banned in the 1980’s making the alkaline battery non-toxic and 
disposable. 
Here, we discuss methods of improving the rechargeability of the 
alkaline battery by incorporating micron-sized magnetic particles. 
The use of magnets has shown to enhance electron transfer 
allowing for more efficient reduction of the manganese dioxide, 
corresponding to an increase in power output. An additional benefit 
is greater reversibility of the electron transfer resulting in a better 
rechargeable system. The half-cell experiments presented here 
provide a means of isolating the manganese dioxide chemistry yet 
maintain portability to whole-cell systems.
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Initial half-cell work has shown the use of magnets to benefit 
electron transfer and enhance electrochemical reversibility. Many 
factors influence battery performance and can greatly effect 
power output. Areas of interest are:
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http://www.rayovac.com/technical/pdfs/pg_battery.pdf
Secondary
 multiple discharges
 rechargeable
 more expensive
 lesser life-cycle cost ($/Wh)
Primary Components
Cathode
MnO2 – Electroly  tic 
Manganese Dioxide (EMD)
Anode
Zinc, KOH 
6-9 M KOH as the electrolyte
Electrochemistry
MnO2 + H2 O + e- ⇋  MnOOH + OH⁻
MnOOH + H2 O + e- ⇋  Mn(OH)2 + OH⁻
Zn(OH)2 + 2e- ⇋  Zn + 2OH⁻
MnO2 +2H2 O+Zn⇋Mn(OH)2 +Zn(OH)2
Ecell = 1.55 V
Limitations of both types of batteries restrict broad use of one 
battery type across all categories. Each electrochemical system has 
a niche application because of power to weight ratios, cost, or 
electrical capacity. Recent developments in rechargeable batteries, 
specifically lithium systems, have helped to expand the versatility of 
applications but is still limited by larger size and smaller electrical 
capacities.
Non-Magnetic 
1st & 2nd cycles
Magnetic
1st & 2nd cycles
Non-magnetic blank (a) vs magnetic blank electrodes (b) - (no EMD)
Voltammetry of supporting materials within the cathode pellet. 
Although no peak is observed during the reductive wave, the peaks 
observed during the oxidation wave correlate to the presence of 
Sm2 Co17 particles.
15 discharge and charge curves for magnetic (a & c) and 
non-magnetic (b & d) electrodes. 6 M KOH electrolyte, 33 
mAg-1 discharge rate, 0.25 mAg-1 charging rate.
15 discharge and charge curves for magnetic (a & c) and 
non-magnetic (b & d) electrodes. 6 M KOH electrolyte, 33 
mAg-1 discharge rate, 0.25 mAg-1 charging rate.
 KOH concentration
What is the ideal concentration? Higher concentrations 
are known to favor the formation of hydroxide 
complexes capable of heterogeneous electron transfer.
 Pellet formation and pressing procedures
Conductivity within the pellet can be greatly effected 
resulting in poor electron transfer capability. 
 Composition ratios of reagents within the pellet
Carbon provides electrical conductivity within the pellet. 
What is the ideal ratio of carbon to MnO2 ?
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